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ABSTRACT

The tryglyceride of vegetable oils should have at least one of unsaturated fatty acid moiety to be modified with
sulfur acid catalyst in peracetic acid co-reagent, to be introduced to the desired hydroxyl functional groups in soy-polyol
structure. A series of screening reactions have indicated the ratio of acetic/peroxide acid 1:7.25 (mol/mol) with temperature
60°C is the best condition for soy-epoxide to be up-scaled to 10 and 20 folds from initials. A 90 minutes is the best lenght
of reaction for polyol to be synthesized where the oxirane value and acid value occured are quite preferable for the
proceed reactions. The recommended reactor volume is multiple of 400 mL. There are tendency of increasing the acid
number if the volume enlarged 10 times, so it needs repeated netralizations. New methods are need for the cost efficient.
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INTRODUCTION

Vegetable oils are sustainable resources and the
most established and abundance feedstock for chemical
industry with steady in demand. Soybean oil as one among
vegetable oils contains carbon-carbon double bonds in its
fatty acid chain with no hydroxyl groups. Several
processes used to introduce hydroxyl groups into the
carbon-carbon double bond like epoxidation reaction or
addition of oxygen reaction forming oxirane rings. The
unreacted hydroxyl groups are account as reactive site of
polyols which then act as intermediates in the formation
for industrial fatty acid derivatives (Goud VV. Et al,
2006); (Biermann, U. et al., 2000). Higher residual acidity
is an undesirable polyol property as it competes with
hydroxyls to react with isocyantes and consumes catalyst
when is furthered processed to produced polyurethane.

Reactive sites of tryglycerides to modified

Soybean oil has 85% of unsaturated fatty acid
chains, the reactivity of fatty acid is depend on the amount
of carbon double bond, three carbon-carbon m-bond of
linolenic acids which are more reactive to be polymerized
by oxidation than linoleic (18:2) and oleic (18:1) (Li F.
Larock, R.C, 2001; Li F. Larock, R.C., 2000; Erhan, S;
sheng, Q., Hwang H.S., 2003).

Epoxidized soy-oil (ESO) is one of raw material
used in synthesizing foams of flexible polyurethane; the
double bond of soybean oils are the focus target with the
multiples hydroxyl. Several methods has been used for
epoxides ring opening which have resulted many different
polyols, where are ready to be converted to different
polyurethane characteristics (A. Guo, Cho Y., Petrovic
Z.S.,2000).

Soy-based polyol retains the triglyceride
backbone with hydroxyl functionality for addition reaction
to increase the isocyanates reactivity. A 100% conversion

of oxirane group to hydroxyls was occurred by oxiranes
dangling in central position of fatty acid chain. The short
carbon chain before and after the hydroxyl group acted as
plasticizer and improved polyurethane properties which
then reduce the rigidity (Fedderly, Lee J.J., 2000). Oxirane
ring opening reaction are effective for converting soybean
oil to secondary moieties polyols but react slower than
primary moieties which requires lower catalyst quantities
(R. Herrington, K.Hock, 1997). Polyols from vegetable
oils also known as biopolyols, performed as main
substances of intermediates for polyurethane production.
The hydroxyl values in polyols are related to this research
design and methods.

The effectiveness of co-reagent for proceed reaction

Ethylene glycol is an effective co-reagent for soy
epoxidised alcoholysis reaction. The increase reactivity of
epoxide to ethylene glycol was attributed to the primary
hydroxyl functionality (Zuleica L. Rodriguez, 2009; Flora,
Firdaus E, 2014).

METHODOLOGY AND MATERIALS

Soybean oil was purchased from local grocery,
acetic acid, peroxide acid, ethanol 96% with the used of
sulfur acid catalyst. The reaction was conducted in
designated temperatures; at 60°C and for ring opening was
at 117°C. The products obtained from epoxidation reaction
was neutralized, decantated, and filtered. The ingredients
of soybean oils transformation to epoxides was a blending
of acetic acid and peroxide (peracetic), in the compositions
ratio of acetic/peroxide (1:7.25) (mol/mol) was labelled as
A; (1:7.255) (mol/mol) as B, and (1: 7.8) (mol/mol) as C.
The optimized conditions of laboratory scale of soy-
epoxide are prevail to the up-scaling into 10 and 20 folds
from initials. Polyurethane was made by mixing polyols,
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TDI: MDI (80:20), surfactants, and blowing agent; a
distilled water.

EXPERIMENTAL SET UP

Screening study

Screening studies was conducted to evaluate
conditions to the effectiveness of soybean oil epoxidation.
These conditions are; temperature, amount of catalyst,
amount of peroxide, and amount of acetic acid. For the
screening study, 100 mL of soybean oil was charged with
peracetic acid in fixed formula using concentration of
sulfur acid 1%; 2%; and 3% (v/v) as catalyst, with
temperature at 60°C. Oxiranes numbers are values of
measuring the unsaturated fatty acid which has
transformed and forming oxiranes ring.

The best oxirane number occurred for the
designated sulfur acid concentration at 1% (v/v) was 6.7%,
at 2% (v/v) was 7.3% and the best oxirane number at 3%
(v/v) was 3.9% and 4.5%. However for the proceeds
reaction for the catalysis purposes, the amount of catalyst
used was 1% (v/v).

Epoxidation reaction

Soybean oil (400 mL) and acetic acid were added
into the 500 mL round bottom flask which equipped with a
thermometer, and mechanical stirrer. The hydrogen
peroxide was added slowly to this mixture. The
temperature was maintained at 60+0.5°C.

The slow addition of hydrogen peroxide was
performed to prevent overheating of the exothermic
reaction occurred during reaction.

The ratios of acetic/peroxide acid were designed
in three forms: (1:7.25); (1:7.255) and (1:7.8) (mol/mol) as
respectively was named as A, B, and C. The volume of
bodied soybean oil was designed in laboratory scale for A:
400 mL was named as A-400 and up-scaled to 1200, 2400,
and 4000 was named as AA-1200, AA-2400, and AA-
4000. The second was B, the volume of bodied soybean
oil was made in 400 mL was named as B-400 and the
volume of up-scale was made in 800 mL and 1600 mL
was named as B-800 and B-1600. The third was C, it was
named as C-600 with no up-scale this is was set up as
control variable. The concentrations were summarized in
Table-1.

Table-1. The concentration at laboratory and up-scale
of peracetic ratio for epoxidation.

Foam Code Initial Volume | Up-Scaling
A A-400 AA-1200
AA-2400
AA-4000
B B-400 B-600
B-1600
C C-600 ND

Peracetic ratio A (1:7.25); B(1:7.255); and C (1:7.8)
(mol/mol)

Epoxy content of the samples and the acid
number of of all products were measured and evaluated by
AOCS official method (AOCS, 1997).

The samples were analysed using FTIR to
qualitatively follow the dissapearence of double bonds and
formation of oxirane ring.

Hydroxylation reaction

The hydroxylation reaction is the ring opening
reaction of epoxide by ethylene glycol. The ethylene
glycol is made in fixed ratio 1:0.19 (mol/mol), the volume
of epoxide was made in eight; (50); (100); ( 300); (500);
(700); (1000); (1000), and (2000) mL. The hydroxyl
number, reduction of oxirane number, and the scale-up of
epoxide were observed to know the consistency properties
from laboratory to up-scale.

Hydroxyl values of polyols were determined
according to ASTM Procedure (ASTM, 2005).

RESULTS and DISCUSSIONS

Synthesis of polyol

The epoxide occurred from soybean oil
epoxidation by variations of time reaction which are: 90,
120, 150, and 180 minutes at varied ratio peracetic 1:7.25;
1:7.255; and 1:7.8 (mol/mol). The time reaction at 150
minutes has resulted the best oxirane number among other
designated time reactions which are above 4 mgr KOH/gr.
Time reaction either below or above 150 minutes at
averages are below 4 mgr KOH/gr. The oxirane value
indicates the degree of epoxidation that has occured,
which understood can influenced physical properties of
polyurethane, because the -OH formation from alkoholysis
of epoxide are performed as reactive sites to isocyanates,
which performed as soft domain in polyurethanes.
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Figure-1. Effect of time reaction to acid number and
oxirane number on epoxide synthesis.

The acid number is increased eventhough
undertaken by fixed ratio of epoxide/ethylene glycol, and
at fixed temperature 60+0.5°C it is a matter of time
reaction where epoxide and ethylene glycol were
contacted longer. In this study the epoxides occured were
meant to be neutralized in once as to know the acid
content remain. As can be seen in Figure-1.

During the hydroxylation reaction, the acidity of
polyol was made from ratio of peracetic acid 1:7.25
(mol/mol) in 400 mL volume of soybean oil was 4.9 mgr
KOH/gr in 90 minutes reaction which gradually increased
to 5 mgr KOH/gr to 8.9 mgr KOH/gr sample at 120
minutes and 150 minutes. The up-scaling to volume 1200
mL for time reaction 120 minutes, the acid number was
declined to 2.9%. If the volume doubled to 2400 mL for
time reaction 150 minutes the oxirane was continue
lowering to 2.2 mgr KOH/gr eventhough still at same
length of reaction (150 minutes). But if the volume were
enlarged to 4000 mL the acid number again risen to 7.8%.
For ratio 1:7.255 (mol/mol) with volume of soybean oil
400 mL for 120 minutes was 9 mgr KOH/gr sample but
were declined in 150 minutes to 6.7 mgr KOH/gr. Low
acidity in epoxide either is important which is preferable
under 10 mgr KOH/gr (Monteavaro, 2005). The brief
result were drawed in Figure-2.
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Figure-2. Acid number volume of bodied soy-bean, ratio
of acetic to peroxide acid to reaction time at fixed
temperature at 60+0.5°C.

The formation of epoxide, certain side reaction
can occured, and decomposition of peroxy acid. The
multiple sites of unsaturation per tryglycerides and per
fatty acid chain in vegetable oils which makes the result
with peroxy acids does not directly to the formation of
fully epoxidised oil but also formation of partially
epoxidised precursors.

As the volume doubled to 800 mL with reaction
time 150 minutes has declined of oxirane number to 5.3
mgr KOH/gr which previously was analysed of because
the unhomegenized mixing process, but this analysis were
prematurely fall as up-scaled to 1600 mL followed by
risen of oxirane to 11 mgr KOH/gr sample. The acid
number was found high at concentration 1:7.8 (mol/mol) is
7 mgr KOH/gr sample and 8.9 mgr KOH/gr sample in 150
minutes for 600 mL.

The acid number and oxirane number is a
function of time and temperature. The acid number at 5.3
mgr KOH/gr sample has reached the highest oxirane
number it was 7 %. The value of acid number below and
above 5.3 mgr KOH/gr sample. The low acidity in polyol
is still preferable because high acid valued in polyols tend
to neutralize the urethane formulation catalyst. The
oligomer polyol product may have light yellow to dark
brown yellow. The increased of acid number could be due
to the degradation of as a result of the reaction over 150-
180 minutes, even the reaction was at fixed temperature.
But the time reaction predominantly effected to
hydroxylation reaction of epoxide which assume was
completed and the product occurred has oxirane number as
a function of time of which was increase.

The steady increase in hydroxyl number may
attribute to continued breaking of ester bond. Ethylene
glycol to epoxide was made in fixed ratio which was 1:
0.19 (mol/mol) and in fact the volume of epoxide was 10
and 20 folds from initials which have reached the optimum
condition and the high value of hydroxyl number of
polyol. The crosslinking performance correlates to
hydroxyl values of soy-based polyols, achieved from
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bodying the partially epoxidized functional groups and
ethylene glycol addition which had caused to increasing
alcohol functional groups. The bodying of soy-based
epoxide was employed to control moieties and avoid
reaction with hydroxyl groups. It seems the high amount
of unreacted oil could not be avoided as we can see the
value of acid number increase with a function of time.
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Figure-3. Hydroxyl number related to oxirane number of
polyol at fixed ratio of ethylene glycol/epoxide
(1:0.19) (mol/mol).

Figure-4. FTIR of soy-epoxide and soy-polyol.

The FTIR spectra of soy-base epoxide, the
disappearance of epoxy groups at 825 and 845 cm’! the
appearance of hydroxyls at 3450 cm! are clear. The final
product of soy-based polyol shows the characteristic signal
at 1050 cm™! which showed the existence of esters group.

CONCLUSIONS

The acid number and oxirane number are
correlates to the time and temperature function. The steady
temperature with increment time reaction will degrade oil
and resulted the high acid number. The steady increase of
hydroxyl number may attributed to continued breaking of
ester bond. The upscaling from the bench scale does not
gives the significantly different in physical properties.
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